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A method developed by us for the chromatograph ic  analys is  of the reac t ion  mix tu re  f o rmed  in the 
p r o c e s s  of vinylation of t r ie thanolamine  has  enabled new data to be obtained concerning this p r o c e s s .  
Bes ides  the mono- ,  di- ,  and t r iv inyl  e t he r s  of t r ie thanolamine ,  a number  of other  subs tances  have been 
detected on c h r o m a t o g r a m s  of the reac t ion  mix tu re  (Fig. 1) obtained under  high [1] and low [2, 3] p r e s s u r e  
acetylene conditions. 

By compar i son  with s tandard  samples  by  a GLC method we have shown the p re sence  in the reac t ion  
mix tu re  of significant quanti t ies (7-10%) of the mono-  and divinyl e the r s  of diethanolamine;  this  is unex-  
pec ted  since 95-99% t r ie thanolamine  was subjected to vinylation. Additional evidence for  the p r e sen ce  of 
diethanolamine vinylation products  in the reac t ion  mix tu re  and a lso  data indicating the p re sence  of the 
vinyl e ther  of N-hydroxyethylmorphol ine  (7o10%) in the reac t ion  products  were  obtained by chemical  ana-  
lys i s  of the f rac t ions  containing subs tances  of lower boiling point than the vinyl e the r s  of t r ie thanolamine .  
One of these  subs tances  was the divinyl e the r  of diethanolamine;  this  was demons t ra ted  by i ts  use as 
amino component in the Mannich reac t ion  and convers ion  into bis(vinyloxyethyl)butyloxymethylamine and 
bis[di(vinyloxyethyl)]methylenediamine by the method in [4] and a lso  by  i ts  convers ion  into the known N- 
acetoxy der iva t ive  [5]. The s t ruc tu re  of the vinyl e ther  of N-hydroxyethylmorphol ine  was ass igned  to the 
other  substance on the bas i s  of the e lementa l  ana lys is  r e su l t s  and the data f rom the IR spec t r a .  

The m e c h a n i s m  of fo rmat ion  of the vinyl e the r s  of diethanolamine in the p r o c e s s  of vinylation of 
t r i e thanolamine  is not fully explained although undoubtedly it includes the rupture  of a C--N bond in the 
t r i e thanolamine  molecule .  Examples  of the rupture  of C - O  and C - S  bonds in glycols  and thioglycols  
under vinylat ion conditions a re  known in the l i t e r a tu re  [6, 7] and the C - N  bond in i ts  s tabi l i ty  occupies  
an in te rmedia te  posi t ion between these  bonds [8]. One of the poss ib le  routes  for  the format ion  of vinyl 
e t he r s  of diethanolamine is given in the scheme 

(HOCHzCH~)~NCH2CH~OH + HC~CH --* 
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resinified products 

The format ion  of the vinyl e ther  of N-hydroxyethylmorphol ine  in the course  of the reac t ion  under  
study can be explained in two ways:  by the dehydrat ion of t r ie thanolamine  and subsequent  vinylation of 
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Fig. I. Chromatogram of the reaction mixture 
formed by the vinylation of triethanolamine: i) 
solvent; 2) divinyl ether of diethanolamine; 3) 
vinyl ether of N-hydroxyethylmorpholine; 4) 
monovinyl ether of diethanolamine; 5) trivinyl 
ether of triethanolamine; 6) c~-pyrrolidone (in- 
ternal standard); 7) divinyl ether of triethanol- 
amine; 8) monovinyl ether of triethanolamine. 

N-hydroxye thy lmorphol ine  or  by  the dehydrat ion of the monovinyl  e ther  of t r ie thanolamine .  Examples  
of a s i m i l a r  type a re  known with the convers ions  of ce r ta in  N-a lky l -  and N-ary ld ihydroxydia lky lamines  
(for example ,  N, N-dihydroxyethyl  aniline) into the cor responding  morphol ine  de r iva t ives  under the in- 
fluence of a high t e m p e r a t u r e  [9]. 

E X P E R I M E N T A L  

Chromatograph ic  Analys is  of the Vinylation Produc t s  of Tr ie thanolamine .  The chromatographic  
ana lys i s  of the reac t ion  mix tu re  was c a r r i e d  out on an LKhM-5 SKB IOKh ins t rument  with a k a t h a r o m e t e r  
detector .  The ana lys i s  conditions were:  s t a t ionary  phase  polyethylene glycol 40,000 as  a 20% coating on 
C h r o m o s o r b - W  prev ious ly  t r e a t e d  with 1% alcohoIic KOH solution; s ta in less  .steel column of length 2.5 m 
and internal  d i ame te r  4 ram;  c a r r i e r  gas He; c a r r i e r  gas  flow ra te  60 cma/min ,  ana lys is  t e m p e r a t u r e  
230~ o~-pyrrolidone was used  as in ternal  s tandard.  

Synthesis  of Bis(vinyloxyethyl)butyloxymethylamine (I) and Isola t ion of  the Vinyl E the r  of N-Hydroxy-  
e thylmorphol ine  (II). Vacuum dist i l la t ion of 420 g of reac t ion  mix ture  yielded 80 g of a f rac t ion  with bp 
66-67.0 ~ (1 mm) .  To 39.3 g of this f rac t ion  was added 11.1 g of n-butyl  alcohol,  3 g of p a r a f o r m ,  and 50 
ml  of benzene,  the mix tu re  was boi led with water  en t ra inment  until the dist i l lat ion of water  ceased.  Af ter  
cooling, the obtained reac t ion  mix tu re  was washed with aqueous NaHSO 3 solution in o rder  to r e m o v e  un- 
r e ac t ed  formaldehyde  and then subjected to vacuum dist i l lat ion.  This  gave 17 g (50~c yield) of (I), bp 91- 
92 ~ (0.5 mm);  n~ 1.4525 and 11.8 g (50~c) (II), bp. 66-67.0 ~ (1 mm);  74-74.5 ~ (2.5 ram);  n2~ 1.4675 (accord-  
ing to the data in [10]: bp 208.9-209.3 ~ (751 ram); n}~ 1.4680; [11]: bp 53-54 ~ (0.9 mm);  n~ 1.4658). Fo r  
the l a t t e r  was found: C 61.76; H 9.65; N 9.05~c. CsH15NO 2. Calculated: C 61.15; H 9.56; N 8.91. In the IR 
spec t rum the re  a re  c h a r a c t e r i s t i c  absorpt ion  bands in the  reg ions  1050-1150, 1203, 1623-1644, and 3115 
cm -1 which co r r e spond  with the v ibra t ions  of the C - O - C - ,  -= C - O - ,  C-- C - ,  and = CH-bonds  r e s p e c -  
t ively .  

Synthesis  of Bis[di(vinyloxyethyl)]methylenediamine (III) and Isolat ion of the Vinyl E ther  of N - h ~ -  
e thylmorphol iae  (II). To 39.3 g of the f rac t ion  with bp 66-67 ~ (1 mm) was added 12 g of p a r a f o r m  and 50 
ml  of dioxane. The mix tu re  was hea ted  for  4 h at 70-80 ~ washed with aqueous NaHSO 3 solution, and sub- 
j ec ted  to vacuum dist i l lat ion.  This  gave 10 g (35~c) of (III), bp 155-160 ~ (1 mm);  n~  1.4770 and 18.9 g (89%) 
of (II). 

Preparation of Divinyl Ether of N-Acetyldiethanolamine (IV). The synthesis of (IV), bp 120-121 ~ 
(4 mm); n~ 1.4778 was carried out by reacting the divinyl ether of diethanolamine with acetyl chloride in 
the presence of pyridine. 

The authors thank Yu. N. Golub for measuring the IR spectra. 

CONCLUSIONS 

i. A method has been developed for GLC analysis of the reaction mixture formed by the vinylation 
of triethanolamine ; the method can be used while carrying out the processes of synthesis and separation 
of the vinyl ethers of triethanolamine, 

2. By combining the chemical and GLC analysis of this reaction mixture the presence of anomalous 
products of the conversion of triethanolamine under vinylation conditions has been demonstrated ; tllese 
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products  a re  the mono-  and divinyl e the rs  of diethanolamine and the vinyl e ther  of N-hydroxyethylmorphol-  
ine; the total content of these is 14-20% and is dependent on the conditions for  car ry ing  out the p rocess .  
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